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This invention pertains generally to the art of
high-frequency electric induction heating and,
more particularly, to high-frequency electric in-
ductor construction and asseciated apparatus.

The invention, in some of its aspects, is par-
ticularly adapted, althoumrgh not limited, to the
fleld of heating the opposed edges of skelp to
elevated temperatures for welding inte pipe and
will be described as specifically applied thereto,
although it is to be understood that: at least cer-
taln aspects of the invention are applicable to
other and broader fields.

In the field of hesting the opposed edges of
skelp for welding into pipe, the application of
Phillips N. Sorenson, Serial No. 58,228, filed No-
vember 4, 1948, shows high-frequency electric in-
ductors. including a main cenductor adapted to
be positioned exteriorly of the skelp and to ex-
tend in close spaced parallel relationship to the
edges to be heated. High-frequency electric cur-
rents in this conductor creates a dense high~fre-
quency flux field which threads through the
edges of the skelp causing high-frequency cur-
rents to be crowded into and flow along the
edges. These currents, ot the order of thousands
of amperes per square inch, heat the edges to
the welding temperature in a time interval less
than 0.5 second. :

In-many respects, the high-frequency flux

field flows in a plane tangent to the circular arc .

of the skelp or essentially in a plane parallel to
the surfaces of the skelp adjacent the edges.
This flux concentration decreases rapidly as a
function of the distance from the conductor it-

self: In thick-walled skelp, the outer surfaces ::

of the metal shield the inner surfaces from the
flux field and  this eombined with the natural
decrease in flux concentration results in a prob-
lem of obtaining a sufficient flow of flux through
the inner corners of the edges to provide the de-
sired amount of heating at this point. With this
flux-fleld variation, the spacing bhetween the
main inducing conductor and the surface of the
skeilp becomes critical and must be held to a
minimum.

- Also in some tube-welding mills, there is a
tendency for the skelp to wander or weave
slightly' and the spacing between the outer sur-
fares aof the skelp and the inductor tends to vary
slightly,
amaunt. of heat induced. Some spacing, at least
greater than the maximum movement of the
skelp, has been necessary; because if the skelp
should: touch the inductor in two or more places

simultaneously, a completed electrical circuit

effecting =z ‘slight variation in the ¢
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would be established which would destroy the
conductor or seriously scar the outer surface of
the skelp. Insulating layers on the skelp ad-
jacent the surface of the conductor might pos-
sibly be used. To date, no insulating material
has been found which can withstand the abrasion
of metal moving past and rubbing at high rates
of speed, and this is particularly so at the ele-
vated temperatures to which the skelp is heated.

If the minimum spacing is used, still another
problem exists in that as the edges are heated
to welding temperatures, the amount of heat
radiated therefrom increases tremendously.
With' the inductor in close spaced relationship
thereto, a very large amount of radiated heat is
absorbed by the inductor itself, which heat is in
addition to the heat generated in the conductor
due to its I’r losses. With high-power inputs to
the inductor, cooling to remove the heat from I*r
losses in the inductor is a problem. The absorp-
tion of radiated heat adds to this cooling burden.

Another problem exists where it is necessary
to obtain heating enly on the extreme edges of
the skelp. Normally, the central conductor is
made quite narrow. However, as the conductor
becomes narrower, alignment thereof with the
edges becomes critical. A slight sideward move-
ment of the edges of the skelp relative to the
inductor results in unequal heating of the edges.
It is presumably possible to place guides bear-
ing against the side of the skelp to accurately
position it relative to the conductor. However,
the tendency of such guides is to close the gap
before any true guiding action is obtained. Ad-
ditionally, such guides are normally of metal and
must be within the high-frequency flux field of
the inductor whereby currents are induced to
flow therein resuliing in undesired heating.

In view of the above, it is an object of the
present invention to provide a new and improved
high-frequency electric inductor for inducing
currents to flow in the close-spaced, opposed
edges of skelp so formed and constructed as to
cause the major portions of the flux field to
thread through or traverse the entire width of
each edge.

Another object is an inductor including a con-
ductor wider than the spacing of the edges and
extending parallel thereto and having a narrow
portion adapted to be disposed in the space be-
tween the edges.

Still another object is an inductor having a
portion disposed between the edges of the skelp
which terminates short of the exit end of the
inductor whereby the skelp edges may be brought
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into abutment at the earliest possible moment
after leaving the inductor.

Still another object is in a skelp seam welder,
the provision of a spreader operating in com-
bination with the inductor for holding the edges
in spaced relationship against the collapsing ef-
fect of the welding rolls to permit a maximum
length of a portion on the inductor to be between
the edges while still permitting the edges to be

brought into welding engagement in a minimum ;:

spacing from the inductor itself.

Another object of the invention is the provi-
sion of an inductor whieh may rest on and be sup-
ported by a moving workpiece without completing
an electrical circuit with the workpiece.

Still another object is the provision of a high-
frequency electric inductor particularly adapted
to be in close spaced relationship to a workpiece
moving rapidly therepast, which inductor has one
or a plurality of spacers or pads of a hard wear-
resisting metallic material extending slightly be-
yond the workpiece-adjacent face of the inductor
{0 engage the workpiece and effect a positive uni-
form spacing of the conductor from the work-
piece without completing an electric circuit
through the workpiece and inductor.

Another object is the provision of a high-fre-
quency electric inductor having a plurality of
hard wear-resisting spacing pads of a metallic
material which is capable of withstanding abra-
sion and high temperatures, such as sintersd
tungsten-carbide, some of which pads are in elec-
trically-insulating relationship with the inductor
whereby they do not complete an electric circuit
when they engage the workpiece.

Still another ohject is the provision of a high-
frequency electric inductor having at least a high
heat-reflecting workpiece adjacent the surface to
eliminate as far as possible absorption of radiated
heat by the inductor from the heated workpiece.

Stili another object is the provision of a high-
frequency electric inductor adapted to ke in close
sraced relationship with a substantial width of
skelp for heating the opposed sdges of such skelp
or the like, which edges may move in a direction
transverse to the axis thereof, the inductor be-
ing mounted for movement on an arc having a
center corresponding generally to the axis of the
skelp.

Still another object is the provision of a high-
frequency electric inductor movably supvorted s0
as to remain in substantially fixed relationship
with the opposed edges of moving skelp or the
like, including means for translating transverse
movement of the edges to move the inductor rela-
tive to its support and maintain the edges and
the inducter in accurately disposed relationship.

Another object is the provision of a h'gh-fre-
quency electric inductor having an insulating ma-
terial on the workpiece-adjacent surfacs extend-
ing in an untroken surface across the slit of the
inductor.

Generally speaking, the invention contemplates
a high-frequency conductor of a greater width
than the spacing of and adapted to extend paral-
lel to the edges of skelp to be welded and having
a portion narrower than the spacing at least for
a portion of its length disposed intermediate the
edges to force the high-frequenecy flux through
and ‘across the width of the edges themselves.
The invention also contemplates a high-frequency
electric inductor having at least a metallic spacer
extending at least slightly beyond its workpiece-
facing surface and capable of withstanding abra~
sion andg high-temperatures and which may be
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movably supported to rest on the surface of a
continuously moving elongated workpiece and
follow any transverse movements thereof.

The invention further contemplates a high-
frequency inductor having a high heat-reflect-
ing workpiece-adjacent surface to reduce to 2
minimum the amount of radiated heat absorbed
by the inductor. The invention still further con-
templates an inductor movably supported to move
in one or a plurality of directions to continuously
maintain the most efficient heating relationship
from the edges to be heated.

The invention may be embodied in certain
parts and arrangements of parts, a preferred

5 embodiment of which is descrited in this speci-

fication and illustrated in the accompanying
drawings which are a part hereof, and wherein:

Figure 1 is a side elevational view partly in sec-
tion of a length of skelp moving past a high-
frequency electrical inductor and associated ap-
paratus embodying the present invention. Fig-
ure 1 is taken generally on the line [—I of Fig-
ure 2.

Figure 2 is a side sectional view of Figure 1
taken approximately on the line 2—2 thereof and
showing a preferred mounting for the trans-
former and inductor.

Figure 3 is a sectional view of Figure 1 taken
approximately on the line 3—3 thereof and show-
ing, in addition, the rolls of the skelp-welding
machine for pressing the heated edges into weld-
ing engagement.

Pigure 4 is an enlarged perspective view of the
left-hand end of Figure 1.

Figure 5 is a fragmentary sectional view taken
approximately on the line 5—5 of Figure 4.

Figure 6 is an enlarged cross-sectional view
taken approximately on the line 6—8 of Figure 1
showing a material having 2 high heat-reflecting
surface affixed to the workplece side of the in-
ductor.

Figure 7 is a view similar to Figure 6 but taken
on the line T—1 of Figure 1.

Figure 8 is a view similar to Figure 6 but show-
ing a modified construction of the preferred em-
bodiment.

Figure 9 is an enlarged sectional view of Fig-
ure 2 taken on the line 9-—8 showing an electrical-
insulating and heat-reflective layer on the work-
piece side of the induector.

Referring now to the drawings wherein pre-
ferred embodiments of the invention are shown
for the purposes of illustration only and not for
the purposes cf limitation, Figure 1 shows a skelp
A, a high-frequency electric inductor B in close
spaced relationship to the skelp, a transformer C
supporting the inductor and a mounting D for
movably supporting the transformer and induc-
tor, all constructed in accordance with the teach-
ing of the present invention.

The skelp A is conventional and forms no part
of the present invention. Suffice it to say for the
purposes of describing the preferred embodiments
of this invention that the skelp comprises a thin-
walled metallic tube having opposed edges i
with a small space (2 therebetween. The skelp A
may be formed in any known manner, including
either hot or cold forming, and in normal opera-
tion passes through the inductor B where its edges
are heated to approximately 2700°.F. Subse-
quently, the skelp passes into apparatus such as
welding rolls 38, 31 which press the heated edges
into pressure-welding engagement. These rolls
also form no part of the present invention and
are shown for the purposes of illustration only.
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 'The inductor B shown comprises a generally
-central main conductor {5 and a pair of parallel

side conductors 16, 1T interconnected at the ends

‘by arcuate conductors 19, 20. The central con-

ductor 15 is provided with a magnetically per-
meable material such as a stack of magnetic lJam-
nations 22. Conductor (5 is divided centrally

‘and a pair of spaced fish-tail leads 28, 25 extend
‘upwardly from the adjacent ends thereto and
‘are bolted or otherwise fastened to secondary ter-

minals of the transformer C. A layer of insula-
tion 26 is disposed between the fish-tail leads.

- The transformer € forms no part of the pres-
ent invention and may be any conventional
transformer construction suitable to the high-
freouency, induction-heating field. A pair of
flexible leads 294, in this instance extending from
the upper surface of the transformer, connect to
a suitable high-frequency power source 29.

The inductor B is in riany respects similar to
the inductor shown and described in the above
referred to Sorenson application. For a more
detailed description of this type of inductor and
its theory of operation, reference is made to the
said Sorenson application.

The Sorenson application, as here, shows the
width of the conductor (5 to be only slichtly
greater than the space {2 between the edges i1
and the lower surface of the conductor I5 to he
in close spaced relationship to the outer surfece
of the skelp A. Also, the conductor 15§ is centrally
located relative to the edges {1 and extends in
parallel relationship thereto for its entire length.
The conductors each have interior cooling pas-
sages 2T through which water or the like is cir-
culated.

The flux of the Sorenson application flows on
an arc or plane generally tangent to the arc of
the skelp. As is known, the flux field about a con-
ductor decreases rapidly in proportion to the dis-
tance from the lower surface of the inductor.

‘With thick-walled skelp, it is possible that an in-

sufficient amount of flux will reach the inner cor-
ners of the edges 11 whereby the desired heating
will not result.
gravated by the shielding effect of the metal of
the skelp.

The present invention contemplates means for

‘causing the flux of the main or central conductor

to flow through and evenly across the entire
width of the edges {f. In the embediment shown,
such means comprise a narrow rib or flange 28
disposed centrally of the lower surface of the con-
ductor 15 and extending at least a portion of the
length of the main conductor 5. The radial
depth of the flange 28 is preferably such that
with the lower surface of the conductor 15 at the
desired spacing from the outer corner of the
edges {1, the inner edge of the flange 28 will ex-
tend flush with the inner corner of the edges or
into the interior of the skelp itseif. In some in-
stances, it may be shorter, if variations of heat-
ing are desired. The flange must not be too deep
as then cooling thereof becomes a problem. The
flange, while shown in Figure 6 as solid metal,
may have a water passage therein. The width of
the flange is slightly less than the space 12, al-
though the space 12 must be so adjusted as to
allow a sufficient thickness of the flange to per-
mit heat generated therein to be conducted away
to the conductor §5. The flange may bhe slightly
tapered in width if desired to correspond to any
tapering of the edges (1.

Such a econstruction insures that the entire

“flux, at least where the flange exists, about the

This situation is further ag- .
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central conductor 15 must thread the entire width
of the edges II.

Referring now to Figure 3, the skelp A moves
from left to right and it is desired that as soon
after the skelp leaves the right-hand end of the
inductor B, the heated edges be brought into
the proper pressure-welding engagement. The
manner in which these edges are brought into
engagement forms no part of the present inven-
tion and may be done by the rolls 31 in pressure
engagement with the sides of the skelp and posi-
tioned just to the right of the inductor B. As the
diameter of the skelp is collapsed to permit en-
gagement of the edges 11, this collapse must of
necessity commence somewhat to the left of the
rolls themselves and, in some instances, may col-
lapse encugh that the edges |1 will be pinched to-
gether a sufficient amount while still under the
inductor B as to engage or contact the flange 28.
Accordingly, the flange 28 may be terminated
short of the right-hand end of the inductor A as
shown in Figure 1. As it is preferred that the
length of the flange be as great as possible, the
flange may be tapered at the right-hand end as
shown at 33.

To insure that the width of the gap will have
a sufficient width to receive the flange 28 for a
maximum length of the inductor B, a spreader
member 34 may be disposed interiorly of the skelp

! to space the edees while they are under the in-

ductor itself. The spreader member 34 shown
comprises a pair of rollers 38, 37 rotatably sup-
ported on spaced parallel vertical axes by a hor-
izontally-disposed spreader bar 38. The spacing
of the axes is such that the outer surfaces of
the rollers 36, 31 will engage the inner surfaces
of the skelp and prevent the collapsing effect of
the rolls 30, 31 from being transmitted through
the skelp to the left thereof a sufficient distance
to pinch the flange 28.

The rollers 36, 31 may have a curved outer
edge to correspond to the curvature of the inner
suriace of the skelp. The spreader bar 34 may
be held in position by any desired means. In the
embodiment shown, a draw bar 3% extends from

the bar 38 beyond the left end of the inductor B

internally of the skelp and then extends radially
cutwardly through the space 12 and is suitably
secured to the frame of the welding machine as
indicated schematically. By using the spreader
member 34, the length of the flange 28 may be
made a maximum and, in some instances, may
extend the entire length of the conductor 5.
It is preferred that the axial position of the
spreader member 34 in the skelp be made adjust-
able by suitable means not shown.

It is preferred that there be a minimum of
spacing between the lower surface of the c¢on-
ductor 15 and the outer surface of the skelp A.
This is particularly so beyond the right end of
the flange 28 or if for some reason or other the
flange 28 is not empioyed as then the spacing
between the conductor I5 and the skelp is a
bigger factor. The spacing problem is in actual
practice aggravated as there is normally some
movement or weaving of the skelp both vertically
and horizontally as it passes from the last form-
ing die under the inductor to the welding die.
Should the skelp touch or contact the conductor
i5 in more than one place at the same instant,
a completed electric circuit would result which
might destroy the inductor. Heretofore, it has
been necessary to space the lower surface of the
central conductor 16 from the surface of the skelp
a distance greater than a maximum expected



2,582,955

7

movement of the skelp to insure against such
touching or contact.

The present invention contemplates means
whereby a minimum of spacing between the lower
surface of the main conductor {5 and the surface
of the skelp or workpiece may at all times be
maintained and also an inductor which may ac-
tually rest upon the skelp itself and move ver-
tically as the adjacent surface of the workpiece
moves vertically. Thus, the inductor may be
provided with one or more spacers capable of
withstanding the abrasion of the moving work-
piece or skelp, all of which may continuously con-
tact the workpiece without at any time making a
completed electrie circuit. The spacer or spacers
may extend a slight distance beyond or below
the principal workpiece-facing surface of the con-
ductor 15 and may at all times engage the sur-
face of the workpiece or may only serve as an
insurance that upon a maximum movement of
the skelp transversely to its axis, a completed
electrical circuit with the inductor will not occur.

In the embodiment of the invention shown, the
spacers comprise a plurality of spacer pads rigidly
mounted on the inductor and include a pad Sl
fixed to the left-hand end of the inductor B.
The pad 51 has a lower surface 52 which ex-
tends a slight distance below the lower surface
of the main conductor 15. This spacing may be
varied ag desired. The leading or left-hand lower
corner of the pad §i is rounded as shown to pre-
vent gouging of the pad into the surface of the
skelp.

‘A second pad 54 is shown centrally of the con-
ductor 15, which pad also extends a slight dis-
tance below the surface of the conductor 15 and
preferably has a cylindrical surface having an
axis transverse to the current flow such that if
the pad should engage the surface of the skelp,
a line contact results along an equal voltage
gradient and no electrical current will flow. A
third pad 55 is shown fixed to the right-hand end
of the inductor B which is similar in construc-
tion to the pad 51 and has its lower left-hand
corner rounded.

The pads 51, 54 and 55 are preferably made
of a material which is wear and abrasion re-
sistant; and, particularly in the case of the pad
55, capable of withstanding elevated tempera-
tures. Such a material is sintered tungsten-car-
bide. Other metallic materials having the desired
characteristics may be employed. Inasmuch as
the lower surfaces of two or more pads can possi-
bly engage the surface of the skelp simultane-
ously and thereby complete an electrical circuit,
it is preferred that not more than one of the pads
be electrically connected to the conductor. In
this event, however, the inductor or the trans-
former secondary cannot be connected to the
welding machine frame as is usual practice. Thus,
in the embodiment shown, the pad 51 is elec~
trically separated from the left end of the in-
ductor B by an insulating member 57, and it is
held on the end of the inductor B by a threaded
bolt 58 extending through the pad 51 in an in-
sulating sleeve 59 and into a threaded aperture
60 in the inductor. Other means of mounting
may be employed, such as a manually-adjustable
mounting so that the clearance of the inductor
may be controlled.

The pad 55 may be similarly supported on the
inductor.

The pad 54 is located generally centrally in a
recess in the lower surface of the conductor (5
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If desired, the pad 54 may be insulated from the
conductor 15 by known means. The pad 55 is
subjected to the high temperatures of the heated
edges of the skelp. With the arrangement shown
and the electrical insulation between the pad and
the inductor, the pad may become heated to a
considerable extent. There is no way for the
pad to rid itself of the heat conducted thereto ex-
cept by radiation in the air. In some cases, the
pad 55 may be soldered or brazed directly to the
right end of the inductor B, thus placing it in di-
rect thermal and electrical conductive contact
with the water-cooled portion of the inductor.
In such an eveni, the pad 54 would normally be
electrically insulated from the conductor {5 by
some suitable means. Other pads may be em-
ployed or they may be arranged other than as
shown. The spacers may also be formed as roll-
ers.

It is preferred that the inductor be so support-
ed as to have relatively free vertical movement
so that it may follow accurately any vertical
movements of the skelp A. Similarly, in order
that the flange 28 can always be equally spaced
between the edges 1t regardless of any weaving
or circumferential movement of the edges, it is
preferred that the inductor also be movable in a
general horizontal direction. If the inductor
moves horizontally to compensate for weaving of
the edges ii, a variation in the spacing of the
side conductors (6, {7 from the sides 'of the skelp
might result. Accordingly, it is preferred that
the inductor move transversely on an arc having
a center corresponding to the axis of the skelp.

In the preferred embodiment, the transformer
and inductor are mounted to move as a unit ver-
tically and arcuately by the mounting D. The in-
ductor may, of course, be mounted for movement
alone if desired.

The mounting D may take a number of differ-
ent forms but, as shown, comprises a base plate
43 which is mounted cn the bed or base of the
welding apparatus for vertical movement by a
plurality of helical compression springs 60 having
vertical axes. The base plate has an upwardly-
facing convex bearing plate 41 on its upper sur-
face. The transformer has brackets 40 fixed on
the side thereof having downwardly-facing con-
cave bearing surfaces complimentary to the sur-
faces of the bearing plate 41. Roller bearings 44
are disposed between the bearing surface to pro-
vide friction-free action. The center of curva-
ture of the bearing surfaces 40, 41 is preferably
parallel to and coincident with the axis of the
skelp A. Thus, should the edges [{ move in a
circumferential direction, the inductor may also
be moved a corresponding amount without vary-
ing the spacing of the side conductors 16, {7 on
the sides of the skelp A.

Any suitable means may be provided for trans-
mitting any circumferential movement of the
edges {1 to the inductor and transformer includ-
ing servo-mechanism. In the preferred embodi-
ment shown, the pad 51 is provided on its lower
surface with a follower arm 63 which extends be-
tween the edges 1. Preferably, the circumferen-
tial width of this follower arm is slightly greater
than the circumferential width of the flange 28.
The sides of the arm 63 are engaged by the edges
i1 and transmit any movement thereof to the in-
ductor which can easily move by virtue of the
mounting described.

The function of the springs 60 is to partly sup-
port the transformer and inductor so that they

?,nd is shown brazed or otherwise fixed therein. ;5 may be moved vertically upwardly with a mini-
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mum of effort. A counterbalance arrangement
could also be provided. The spring mountings
shown are relatively schematic and include ad-
justing means including a threaded shaft 64 ex-
tending upwardly from the welding apparatus
base into the interior of each spring and an ad-
justing nut: 656 on the shaft on which the spring
rests. The nuts 65 are adjusted until the lower
surfaces of the pads 51, 54 and 55 rest on the sur-
face of the skelp with a slight pressure after
which, as the skelp moves through the inductor,
the inductor may actually foliow any movements
of the surface of the skelp or its edges, thus
maintaining accurately the desired spacing be-
tween the conductor and the skelp which has
been preset by the distance at the hottom of the
pads and the lower surface of the conductor 5.

It will be appreciated that other spacers could
be provided elsewhere on the inductor B and, par-
ticularly, under the side conductors 16, 11.

The present invention also contemplates a
high-frequency electric inductor; for example,
the type shown in Figure 1, having provision for
reducing to a minimum the amount of radiated
heat from the workpiece absorbed by the surface
of the inductor including a surface on the con-
ductor and laminations having a high heat-
reflective factor. This surface may be obtained
in a number of different ways such as polishing

the surface of the conductor or laminations to a

high degree by known methods. Unless the ma-
terial thereof is nontarnishing or noncorrosive,
such a surface will not retain its desired charac-
teristics in actual use. Accordingly, the preferred

embodiment shows the workpiece-facing surface :

of the conductor 15, flange 28 and lamination 22
provided with a thin coating 32 of a noncorro-
sive material such as chromium, nickel or the like
polished to a high degree.

An electrical insulating refractory material 66;
such as porcelain enamel, silimanites mixed with
silicon esters and haked, or beryllium oxide, may
also be coated on the workpiece-facing surfaces
of the inductor. If such an electrical insulating
refractory material is employed, it should extend
across and completely cover the gap between the
two parts of the main conductor 15, including
the lower end of the insulation 26 as is more
clearly shown in Figure 9. Such materials
should preferably be pigmented so as to have a
high heat-reflective coefficient whereby the in-
ductor will absorb the minimum amount of radi-
ated heat from the workpiece itself.

These coatings in conjunction with the spacers
above described permits of a very efficient
inductor-workpiece arrangement which may
operate effectively over long periods of time
without attention.

In some instances, because of the high current
concentrations in the lower surface of the con-
ductor, it may be necessary to silver-plate the
lower surface to provide a layer of material hav-
ing a low resistivity but capable of retaining a
high polish. With the close spacing required in
the heating for welding of skelp, the high heat-
reflective surface is particularly of value.

" Figure 8 shows a modified flange arrangement
over the preferred embodiment shown in Figures
1te 7.. In this embodiment, like parts have been
indicated by like numbers and modified parts by
identical numbers with a prime (’) mark added
Figure 8 shows the main or central conductor
18 with the flange 28’ so modified as to further
force the flux of the inductor to flow through and
across the edges (f. In this embodiment, the
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flange 28’ is of a length such as to extend into
the interior of the skelp itself and its inner end.
is provided with laterally-extending flanges 70,
which form with the lower surface of the con-
ductor 15 a pair of channel-like spaces into
which the edges |l may extend. As shown, the
upper surfaces Tl of the flanges %3 are curved to
conform to the curvature of the interior surface
of the skelp A. Also, the portion T may be pro-
vided with cooling passages 72 interiorly thereof
through which a suitable cooling medium may
be circulated to prevent overheating of this por-
tion of the incductor. Cooling water may be ecir-
culated into the passage 72 from the passage 21
through passages 78 at either end of the flange
and horizontal portion 28 and 79 respectively.

Thus, it will be seen that embodiments of the
invention have been ¢escribed in detail which
clearly accomplish the objects of the invention
and others and that tho invention provides high-
frequency electric inductor and associated appa-
ratus usable for many purposes where high-effi-
cieney heating is required with a minimum of
operational difficulties such as nonuniformity of
heating of spaced edges caused by unavoidable
and undesired movement of the workpiece, heat
radiation to the inductor and continuous close
electrical coupling to the workpiece on touching
of the inductors by the workpiece.

It will be obvious that modifications and alter-
ations of the specific preferred embodiments
shown differing radically in appearance will
occur to others upon a reading and understand-
ing of the invention described in this application.
It is my intention that all such modifications and
alterations shall be included as part of my inven-
tion insofar as they come within the scope of the
appended claims.

Having thus described my invention, I claim:

1. In high-frequency induction-heating appa-
ratus adapted to heat the opposed spaced edges
of a rapidly-moving skelp, said apparatus com-
prising an inductor including a conductor in
close spaced parallel relationship fo the edges
to be heated, said conductor being wider than
the space between said edges and having a cen-
trally disposed flange narrower than the space
between said edges and extending between said
edges, said inductor having metallic spacer
members adapted to engage surfaces of said skelp
and space said conductor from said edges a pre-
determined amount, means mounting said in-
ductor for movement both in a radial plane and
arcuately about an axis of said skelp, whereby
said inductor may rest at least in part on said
skelp and move up and down therewith and
sidewardly to correspond to transverse move-
ments of said skelp as it progresses past said
inductor.

2. The combination of claim 1 wherein a
spreader member is provided internally of the
skelp adjacent the exit end of the inductor
adapted to prevent collapse of the spacing be-
tween the edges of the skelp while under the
inductor.

3. A high-frequency electric inductor adapted
to be disposed in close spaced relationship to an
elongated workpiece having continuous relative
movement in relation thereto, said inductor being
elongated including a metallic spacer member
of a hard wear-resistant material centrally dis-
posed of said inductor, said spacer having an
arcuate surface adapted to engage the surface
of said workpiece, the axis of said arcuate sur-
face extending transversely to the direction of
current flow whereby said spacer can only engage
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said skelp on a line of uniform electrical poten-
.tial and engagement of said spacer with said
workpiece does not complete an electrical
circuit.

4. In a high-frequency electric induction-
heating apparatus for progressively heating a
rapidly-moving, elongated member, said appa-
ratus including a high-frequency inductor hav-
ing spacers adapted to continuously engage the
surface of said workpiece, means mounting said
jinductor for free movement in a direction trans-
verse to the line of movement of said workpiece
whereby as said workpiece moves transversely
from its line of movement, said inductor may
move to conform thereto.

5. In high-frequency induction-heating appa-
ratus adapted to heat tc a welding temperature
the spaced opposed edges of a rapidly-moving
skelp, said apparatus including an inductor sub-
stantially freely movable in a radial plane
through said edges, said inductor including por-
tions resting on and being at least partially sup-
ported by said skelp.

6. In high-frequency induction-heating appa-
ratus for heating the opposed edges of rapidly-
moving skelp to a welding temperature, said ap~
paratus including an inductor in close spaced
relationship with said skelp, said inductor ex-
tending over a substantial arcuate width of said
skelp and being freely movable on an arc having
a center substantially coinciding with the center
of said skelp.

7. The combination of claim 6 wherein fol-
lower means are provided for engaging said skelp
and moving said inductor in an arcuate direc-
tion to correspond to circumferential movements
of the edges of said skelp.

8. A high-frequency electric inductor adapted
to uniformly heat slightly-spaced edges of an
elongated workpiece, said inductor comprising a
conductor having a width greater than the spac-
ing of said edges and adapted to be in close
spaced parallel relationship with said edges, said
conductor having on its workpiece-facing side a
narrow flange of a width less than the space be-
tween the edges and adapted to extend therebe-
tween. )

9. A high-frequency electric inductor adapted
to uniformly heat a pair of spaced edges of an
elongated workpiece, said inductor comprising
an elongated conductor of a width greater than
the spacing of said edges and adapted to extend
in parallel close spaced relationship with said
edges, the workpiece-facing surface of said con-
ductor having a central flange of a width less
than the width of said space and adapted to ex-
tend between said edges, said flange having a
jength less than the length of said conductor.

10. The combination of claim 9 wherein said
flange as it terminates short of said conductor
also tapers gradually in width.

11. A high-fregquency electric inductor adapted
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to be in close spaced relationship to an elongated
workpiece having relative movement in relation
thereto, said inductor having a plurality of me-
tallic spacer members fixed thereto and adapted
to engage surfaces of said workpiece and main-
tain a uniform spacing between portions of said
inductor and said workpiece, at least some of said
spacers being insulated from said inductor and
not more than one being in electrical contact
therewith.

12. A high-frequency electric mductm adapt-
ed to be disposed in close spaced relationship to
an elongated workpiece having relative move-
ment in relation thereto, said inductor having
a spacer adapted to maintain uniform spacing
with said workpiece, said spacer comprising a
plurality of pads of a hard wear-resistant metal-
lic material such as sintered tungsten-carbide,
not more than one of said pads being electmcally
connected to said inductor.

13. In a high-frequency electric incuctor com-
prising at least a conductor having a workpiece-
adjacent surface adapted to be in close spaced
inductive relationship with a workpiece to be
heated, said. conductor and workpiece-adjacent
surface having a narrow slit therethrough and
electrical insulating means in said slit, the im-
provement which comprises an electric-insulat~
ing material on said surface at least adjacent to
and across said slit.

14. The combination of claim 13 wherein the
insulating material is a porcelain enamel and
forms a continuous smooth unbroken surface
over said slit.

15. The combination of claim 13 wherein the
electrical-insulating material along said surface
is a pigmented porcelain enamel having a high
heat-reflective factor. '

16. The combination of claim 13 wherein the
induector has a plurality of hard wear-resistant
spacer pads mounted thereon and extending he-

yond said workpiece-adjacent surface a distance

at least equal to the thickness of said electrical-
insulating material along said surface.
ALFRED C. BODY.
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